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% Introduction
| In the late 1980s, it was becoming clear that

microbial biodegradation limited
contaminant transport in groundwater
systems

.4 = Baedecker et al., 1988 (Bemidji, MN)
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m Barker et al., 1987 (Borden field experiment). "Natural
Attenuation of aromatic hydrocarbons in a shallow sand
aquifer”

m First use of term "natural attenuation”

m Passive bioremediation, intrinsic bioremediation were other terms
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-1 Introduction

By 1994, Natural Attenuation for petroleum
contamination was getting regulatory
acceptance

Water, 1994

m Wiedemeier et al., 1995, Air Force Fuels Protocol
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-1 Introduction

After 1994, attention turned to chlorinated
solvents

' * m U.S. EPA symposium on Natural Attenuation of chlorinated
\ organics in groundwater, 1996.

"_-;':If: m Wiedemeier/Air Force/EPA, 1998, "Technical Protocol for
! Evaluating Natural Attenuation of Chlorinated Solvents in
Groundwater"
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Introduction

EPA's Approach

m According to the U.S. EPA, monitored natural attenuation
can be selected as a remedial strategy "only....where it
will meet site remediation objectives within a timeframe
that is reasonable compared to that offered by other
methods."

- i
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T

EPA OSWER Directive, 1999

i

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation 7



Introduction

This brought up the issue of
Time of Remediation (TOR)

How do you estimate times of remediation?

m In 1999, there was no clear approach to this problem.
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Introduction

NAPL Mass

Dissolved Plume
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Introduction

TOR is a mass balance problem

Mo = (RMNA * t)] =M remaining (1)

Mo o (RMNA . t)] =M threshold (2)

t= [Mo_Mthreshold]/ RMNA = TOR (3)

=

M, = initial contaminant mass
M | imaining = Mass remaining after time t
R4 = Mass removal due to MNA
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"ﬂi Introduction

There are many processes that contribute to
contaminant removal (remediation by
monitiored natural attenuation) [RMNA] in
groundwater systems, including:

» Advection
Dispersion
Biodegradation
Sorption

NAPL Dissolution
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Introduction

Each of these components is summed up in
the solute-transport equation

NAPL
Advection Dispersion Sorption Biodegradation  Dissolution

ot OX 8x2 n ot

— Rp;o + Ryypyp
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Introduction

Solving this equation to obtain
meaningful TOR estimates, however,
IS not an easy problem

ot OX axz n ot

— Rp;o + Ryypyp

=

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation 13



-1 Introduction

To facilitate finding useful solutions, the TOR
| problem can be divided into three interactive
components:

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation 14



Introduction

Distance of Stabilization (DOS)

How far will it go?

II": III"'.,II _ ,t- _Vinyl Choe
T High-concentration Source,
Impacting Sensitive Receptors

Lower Concentration Source,
Not Impacting Sensitive Receptors
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Introduction

Time of Stabilization (TOS)

How long will it take?

T Source Area Removal,
1998

Collapsed Contaminant Plume,
20057
20507
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Introduction

Time of NAPL Dissolution (TNAD)

How long will it take?

e Y PCE Source Area
Emplaced 1960

Source PCE
Fully Dissolved
20057
20507
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Introduction

Analytical and Numerical Solutions for
Solving the Mass-Balance TOR Problem

m Distance and Time of Plume Stabilization

= Analytical; Domenico, 1987

m Time of NAPL Dissolution
s Numerical - SEAM3D:; Waddill and Widdowson, 2000
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Presentation Overview
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&l | = A Decision-Making Tool for Assessing MNA and Estimating

Cleanup Times: Natural Attenuation Software (NAS)

% = NAPL Dissolution Modeling with Sequential Electron

Acceptor Model for 3D Transport (SEAM3D)

1 .;f'“ m Case Study

m Conclusions

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation

19



Introduction to NAS

T NAS Main Menu = =] B3

Start Hew Project
e : A aivralf Afferngaiion Soffware
| Open Existing Project |
save Current Project -
Facility Name |F\aitcbug AFE
Print Data & Results Site Name [Fji 1raining site 002
Additional Description
Exit HAS * TLE
. . . Source Concentration Contaminant Mass
About HAS
L Edit/ RE""I:E"" =iz Reduction / Time of Removal / Time of
ata Stabilization Remediation
Help Menu
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" NAS

NA Screening Tools

Monitored Natural Attenuation (MNA)

Hydrogeology

Contaminant @ f—-=—=—======-=
Data and History | Proceed with MNA |

l
Geochemical —— . | Feasibility Study — YES

and Microbial : for Site X? l

S

Sorption

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation

22



NAS - A Tool for Decision-Making

Monitored Natural Attenuation (MNA)

Site Data
o Min Best Est. Max\ Is MNA an
Wil Appropriate
‘N NAS Technology
- / at Site X?
Point of
Regulatory Remediation
Compliance Objectives

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation
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NAS - Questions Addressed
* |s MNA an appropriate technology at Site X?

and

What degree of source remediation is
required at Site X?

m Distance of Plume Stabilization

m Time of Plume Stabilization

m Time of NAPL Dissolution
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NAS - Types of Problems and Source
Contaminants

B Chlorinated Ethenes
m PCEor
m ICE

B Petroleum Hydrocarbons
s BTEX
x MTBE (optional)
= Naphthalene (optional)
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Site Name Dialog

1. Enter the site name and any additional text you would like to use to describe your site.

Facility Name |45 Pensacola

Site Name |2\ TF

Additional Description [TCFE Flume

2_Choose the units for your site (REQUIRED):

Za. Length " meters & feet 2d. Concentration

Lnits far contaminant and redox indicatar concentrations
2h_ Mass  kilograrms & pounds are fixed in NAS. Concentration units will be indicated by
MNAS on each relesvant screen.

................

2c. Time = days " wears

................

Cancel Mext »»
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NAS

Chlorinated Ethene Sites

Contaminant Source

-~ Choose the type of contaminants found at your site

" Petroleum Hydrocarbon (e.9. Gasoline, Jet Fuel, Fuel Qi)

& Chlorinated Ethenes (PCE or TCE)

™ PCE Source i+ ='I'CE SDUFCEE

|—Chunse Source Parent Compound

simulated solubility balecular
Contaminants (mo/L) YWeight (g/mol)
TCE 1100 131.5
cis-DCE g00 97
Winyl Chl. 2670 B2.5
Mext >»
Cancel

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation 27



NAS

Petroleum Hydrocarbon Sites

Contaminant Source

-~ Choose the type of contaminants found at your site

* Petroleum Hydrocarbon (e.g. Gasoling, Jet Fuel. Fuel Qil)

" Chlorinated Ethenes (PCE or TCE)

Choose to include MTBE and Naphthalene ——
Include MTBE? & ‘Yes i Mo

..........

Include Maphthalene?  © ves & Mo

..........

Simulated oolubility bolecular
Contaminants (mgfL) Weight (g/mol)
Benzene 1750 781
Toluene 535 8921
Ethylbenzene 152 106.2
Hylene 175 106.2
MTEBE 48000 ga.2 Next >3
Cancel
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NAS - Site Data Assessment

MINAS Main Menu

Start New Project

Open Existing Project

Save Current Project

Print Data & Results

E

Ili A atfural Aftenuation Sofftware

MSE Kings Bay

ol b

Facility Name

aite Name |Camden Landfill

Additional Description

Exit NAS

About NAS | Help Menu

Contaminant Mass
Removal / Time of
Remediation

Source Concentration
Reduction / Time of
Stabilization

Enter Site Data

................................................................

Site Data Assessment

(Identification of Terminal Electron-Accepting Process [TEAP] Zones
and Natural Attenuation Capacity [NAC] Calculation)
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NAS - Site Data Assessment

Goal:
Determine contaminant degradation rates

and redox zonation

Data Requirements

m Hydrogeologic data
., = Contaminant concentrations
m Redox indicator concentrations

m Sorption characteristics
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NAS Example -
Naval Submarine Base Kings Bay, GA

ok

L.

e L
: ¥in
A e T

PCE Source
(total chlorinated
ethenes plume)

g

|

.
j [p—

)
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B
B
-
B
-
[ |
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NAS Example — NSB Kings Bay, GA

Site Information

ﬂrﬂ Site Information ;k_lﬂ

EHydrngeulngyDatﬂﬂ Contaminant Data. | RedoxIndicator Data | Site Data Summary | Graphical Summary |

1. Enter the following hydrogeclogic and aquifer properties.

|Mﬂximum |Averﬂge |Minimum Iw

Hydraulic Conductivity [ftfyr] | 6000 | 1440.0 | 72000 Total Porosity [f3#t%] IT
Hydraulic Gradient [ft/f] | 0.043 | 0.04a | 0.043 Effective Porosity [fEffit%] 0.25
Weight Percent Organic | 014 | 014 | 014 Contaminated Aquifer 500

Matter (loss on ignition) [25] Thickness [ft]

Return To Main
hen

e A

y=—
Rn

e
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NAS [T\ site Information - &

Hydrogeology Data || Contaminant Data | RedoxIndicator Data | Site Data Summary | Graphical Summary |

1. Enter the date when field measurerments for contaminant concentration were collected:
Month [November v | Year | 1999

2. Enter the number of monitoring wells sampled for contarninant concentration along the
centerline of the plume:

Currently. contaminant concentation data is reported for b wells. Add/Delete Wells

3. Enter the well name (optional), distance downgradient of the source (required), and
contaminant concentrations measured at each monitorng point.

W'el| Distance from | FCE ‘ TCE | cis-DCE VC [ugfL]
MNarme source [f] | [uodl] | [Hal] | [Hadl]
1. 3500. 1000. BD ED
110. 2. 511. 1270 12
160. 0.5 32.5 158 76
220, ED ED 54 166
380 ED ED 24 k)
630 ED ED 10 2
¥, XB - MOTE: The arigin of the MNAS coordinate system (0.0] s

located immediately downgradient of the
area and along the centerline of the plume.

Mlean Direction of Feturn To Main
Groundwater Flow kenu
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NAS M site Information : ol b

Hydrogeology Data. | Contaminant Data |§HeduxlndicﬂturDﬂtﬂ§| Site Data Summary | Graphical Summary |

1. Enter the time when the redox indicator fizld rmeasurerments were collected:

 Mowvember 1999 (Collected at the same time as contaminant data.)

" Collected at a different time than contaminant data

Month | J YEﬂr|

2. NAS requires specification of dissolved oxygen (02), ferrous iron (Fe2) and sulfate (S04) at all redox
well locations. Indicate which additional redox indicators were measured at your site:

MNitrate (NO3). ¥ Yes [ No
Manganese(ll) (MN2): [ Yes ¥ Mo
Hydrogen Sulfide (H25): [ Yes [T No
Methane(CH4). [ Yes [ No
Hydrogen (H2): [ Yes ™ No

3. Number of redox indicators along the centerline of the plume.

Currently. redox indicator concentration data is reported for b wells. Add/Delete Wells |

4. Enter the well name (optional), distance downgradient of the source {required), and concentrations for
indicators of redox potential measured at each monitoring point.

W'l Distance from | 0O2 M3 FeZ =04 HZ5 CH4 H2 (nM)|  Redox Condition

Narme | Source[f] | (mofl) | (mg/l) | (moil) | (modl) | imgfl) | (mofL)

k.BA-34 1. 0 0 1 10 0 5 g SO4C02-reducing |«
110. 0 0 0.349 6.44 0 38 166 SO4C0Z-reducing |+
160. 0 0 0.24 3.27 0577 51 1585 S04/CO2-reducing |
220. 0 1 0.26 0 0.385 hb 05 Ferrogenic -
3480, 0 0 0.4 10 1.5 B 0.81 Ferrogenic
B30 0 0 0.3 102 0.1 0.3 0.3 Ferrogenic

Beturn To kain
henu




i =10

Hydrogeology Data I Contaminant Data I Fedox Indicator Data ISitE DﬂtﬂSummﬂryI Graphical Summary I

N AS M4 site Information

Facility Name : —Unit Specification
INSEE Kings Bay Length = IF
Site Name  |0ld Camden Landfil Time = [ years
Additional Description IPCE Site bass = I pounds
— Solute Transport Parameters
ADVECTION DISPERSION SORFTION
High Best Est. Low  Unifs Lnifs view Retardation
1. Hydraulic Conductivity: 3000, 2500, 2000, [fiAer] 1. Estimated Flume Length: 8459 [f] Factors
2. Hydraulic Gradient; 0.00& 0.005 0,004 [ff] 2. Longitudinal Dispersivity:  22.79 [ff] BIODEGRADATION
3. Porosity (Best Estimate): 0.25 (4] 3. Dispersivity Ratio: 20.0 [ View NAC &
4. Groundwater Velocity: s hO. 32 [fr] Decay Rates

— Geochemical Concentration Data

ICDntaminant Concentrations (Mowvember 1959) LI

Neme | Semce ™ | PCE ligi] | TCE [o] |eis-DCE [uo/]| VO o]
kBA-34 1. 3600, 1000. BO BO
usgs-3 110, 2. 511, 1270 112
kBA-13 160, 0k 325 168 76
usgs-h 220, BO BD 54 16h
usgs-10 380, BDO BD 24 a1
kKBA-37 B30 BD BD 10 Z

Feturn To Main
kenu




NAS
Distance and Time of Stabilization

Demonstration

Open NAS and give demonstration of DOS
and TOS calculations for Cecil Field
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Presentation Overview

g = Introduction

m A Decision-Making Tool for Assessing MNA and Estimating
" Cleanup Times: Natural Attenuation Software (NAS)

= NAPL Dissolution Modeling with Sequential Electron
Acceptor Model for 3D Transport (SEAM-3D)

, m Case Study

=

m Conclusions
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SEAM3D

m Sequential Electron Acceptor Model for 3D Transport

m Simulates both aerobic and anaerobic biodegradation of
contaminants in groundwater

m Designed for application to:
s Engineered bioremediation systems

,- E = Intrinsic bioremediation (natural attenuation)
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SEAM3D

MT3DMS

SEAM3D version 3.0:
m Released - July 2002

SEAM3D

BTN Package

Advection Package

Dispersion Package

Source/Sink Mixing Package

Reaction Package

Biodegradation Package

NAPL Dissolution Package

Reductive Dechlorination
Package

L

Cometabolism Package
—
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SEAM3D

Governing Equations
m Hydrocarbon Compounds: S, (Is=1, 2, ..., NH)

NH = number of hydrocarbon compounds specified by model users

—@%(v-s,mﬁ(u. ﬁst}%ss;- .

i i @Cl- ij @Cj \ sin k,ls Sozce,ls / A
\ Fluid Source/Sink Retardation
Advection Factor
Dispersion ) :
Biodegradation NAPL Dissolution
Reaction Term Source Term
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SEAM3D

Sequential TEAPs
m EA Inhibition Function - prevents — =
anaerobic TEAPs from operating J = H K le,i
in the presence of higher-energy le,li | Kt Ez'
1= e,ll l
electron acceptors: = =
00 forle=2,3,4,5,6
50 . Fe(ll) SEAM3D prediction of
15 electron acceptor (EA)
P B SO, concentrations, showing
g . that utilization of each
§ 40 - EA is inhibited until the
< ) preceding EA has been
| o, depleted.
N . . .
0 10 20 30 40 50
Time (days)
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SEAM3D

Hydrocarbon Biodegradation

m Hydrocarbon Biodegradation — BTEX loss may be simulated using utilization
rates varying by compound and TEAP

N
N
]

SEAM3D prediction of five
hydrocarbon (HC) substrate
concentrations, showing
the effect of varying the
maximum specific rate of
substrate utilization.
Arrows indicate the
termination of each
electron acceptor process.

©
1

w
1

Fe(lll)

Aqueous HC Concentration (mg/L)

o

20 40 60 80 100

o

Time (days)
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" SEAM3D

Factors Affecting NAPL Dissolution

g NAPL Properties

m NAPL mass

: m Residual saturation

'f';’:.'" m Contaminant mass fraction

| m Physical properties of NAPL components
| = NAPL dissolution coefficient (kNAPL)

m Source geometry

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation
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SEAM3D

Groundwater Flow Direction

Source Geometry

m For these two cases and with

—> . .
3 all things being equal, except
= - 5
> § O the quentatlon of the source
g relative to the groundwater
< L
5 flow dlrect.|on, would source
geometry influence TOR?
Compliance
Monitoring Well
q

m If the answer is yes, which
case would result in the
greater TOR?

-3 | NAPL Source O

q

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation
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SEAM3D

Factors Affecting NAPL Dissolution

m Groundwater velocity
= Hydraulic conductivity
s Hydraulic gradient

n Porosity

m Sorption

= Fraction of organic carbon

s
e
-

m Partition coefficient

.
j
A
&
|
;
!
L]
417
Fr
A
1. Al
b e
| i
M
e
ol i =
o
=
e
o
é

m Dispersivity

m Biodegradation (source area)
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" SEAM3D

NAPL Composition

NAPL Mass
: Fraction
Constituent
(9/9)
1 O Benzene Benzene 0.01
2 W Toluene
3 O Ethyl benzene Toluene 0.08
4 OXyene Ethyl benzene 0.05
5 B Other Aromatics Xylene 0.12
6 O Aliphatics .
7  mInert Other Aromatics 0.1
8 OMIBE Aliphatics 0.55
MTBE 0.03
Inert 0.06
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sl Aqueous | Molecular
NAPL N _

Raoult’s Law Constituent Solubility | Weight

(g/md) (g/mole)
Benzene 1780 78.1
Toluene 515 92.1
Ethyl benzene 140 106.2
Sl = flSSffl Xylene 180 106.2
Other Aromatics 166 120.0
Aliphatics 12 97.0
MTBE 50,000 80.0
. Inert 0 150.0

NAPL
fl _ S s / sk j

NAPL NS oNAPL NT -~ NAPL
EI /@ + Y21 S /@ + > 21y, / @y,
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SEAM3D

NAPL Dissolution

R = max [0, k™ (5% —s, )

source,ls

The rate of NAPL dissolution is specified using a mass-transfer function. é

An equation of mass balance is o Aqueous Phase
written for the NAPL phase to . k=0.010 day
account for source depletion. 8§15
NAPL 101 NAPL Pha:ie
dMlS . kNAPL[Seq —S :| . k,=0.010 day
. [s [s
dt : \ \ \ \ \ !
0 50 100 150 200 250 300
Time (days)
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SEAM3D

0.9

0.8

0.7

0.6

0.5

M/M o

0.4 |

NAPL Dissolution

Benzene

03 |

0.2 |

Mass = 128 kg (gasoline), Sr =0.115, Vol =42 gal, k = 3.0 d*-1

0.1

5000

10000 15000 20000 25000
Time (d)

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation

30000

50



R

ﬂmmm\\HHHH\\\\\H\HHHHH\H\HM\IN:M

SEAM3D

Estimating Source Mass

Inverse modeling

m Flux method by Butcher and Gauthier
(Ground Water, v. 32, no. 1, 1994)

s Estimate of source zone mass flux is developed using field data
set, C(x,y), and 2D, steady-state analytical model

m Flux estimate is matched to an analytical dissolution flux model
by which NAPL volume or mass is quantified

m Compare numerical model results to time series data at
source zone monitoring wells

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation
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SEAM3D

NAPL Dissolution Demonstration

Open NAS and give demonstration of NAPL
dissolution using Kings Bay data set
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Presentation Overview

gl = Introduction

m A Decision-Making Tool for Assessing MNA and Estimating
. Cleanup Times: Natural Attenuation Software (NAS)

%! = NAPL Dissolution Modeling with Sequential Electron
i Acceptor Model for 3D Transport (SEAM-3D)
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Marine Corps Air  pissoved Plume
NAPLMass  otation (MCAS)
Beaufort Case Study

=
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MCAS Beaufort Case Study

Laurel Bay Site, SC

~
% % % E o & q = § S
3 & g 4 5 B8 1 5 g 3 & & %G
- O O G}
q _% ? [ o I 0 jﬁ ABC A A
i i \:_; Concrete-
| FEAY T lined Ditch
Gasoline-Contaminated i iﬁ
sediments \\

Plume of Gasoline-Contamimated
gmound water

- 7
- st s s 1

Monitoring well Honzontal
Scale

Screen or | 1

Sampling Port 75 Feet
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" MCAS Beaufort Case Study

Start Hew Project

save Current Project

View Data & Results

Exit HAS

About HAS

Help Menu

Natural Attenuation Software (NAS)

Laurel Bay Site

TTHHAS Main Menu

Facility Hame
Site Hame

Additional Description

Edit/Review Site
Data

=100

A afural Aftftersation Software

M CAS Beaufort

Laurel Bay Exchange

Example 5
Source Concenktration Contaminant Mass
Reduction / Time of Removal / Time of
Stabilization Remediation
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MCAS Beaufort Case Study

Time of Stabilization at Laurel Bay

10000
— Predicted benzene concentration based on
time of stabilization estimates made by NAS
8000 - ® measured benzene MW-8
=)
o))
2
.S 6000
{ =
8 4000 1
c
o
®)
2
o 2000 -
N
G °
m [ J
0 - @ o @ ®
T T T T T T T
0 1 2 3 4 5 6 7

Time (years)
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MCAS Beaufort Case Study

NAPL Dissolution TOR, MCAS Beaufort, SC

50

40 4 —o— BTEX
—O— BENZENE
—v— MTBE

‘2
©
(3]
=
[
S 30
8
3
5 » A
e
Y
S}
o
£ 10
|_
0 T T T T T
0 200 400 600 800 1000 1200
Gasoline Mass (Ibs)
80000
. —e— MTBE
%|) —O— benzene
= 60000 - —A— TEX
c
9
g
T 40000 -
@
g
S B
(@]
< 20000 A
®
£
IS om
<
c 0 1
o)
(@]

4/1993 3/1994 6/1996 1/1997 7/1997 1/1998 8/1998 8/1999

Sampling Date
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| MCAS Beaufort Case Study

Vinyl Chloride
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MCAS Beaufort Case Study

Kings Bay Site, August 1998
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MCAS Beaufort Case Study

Kings Bay Site, August 2002

_— — - :l ' !
. T .
. - 1
! .-I " 1
|I - = - .
' I <5 N
1
1 1
' |
1 1
' | ;
f -
1 I -
- -
al, S
e . - -
1 1 - .
1 -
1 v
1
1 " .
v 1
1 I I,
1 .
] . - 5 ...
1 1 1

. o - oL ® 5
b :I ' " I_' -.. I \
. S " Die c tion

N .o £ ofGround-Water

1 . L

l.'| .I'n . _- - "I.l'. . I FIOW
1 . w |I 1 <5
L—. P e 1 ..'-
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MCAS Beaufort Case Study SOU rce Area
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Figure --. Sulfate and chlorinated ethenes, USGS-3
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MCAS Beaufort Case Study KB A'1 3 A
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MCAS Beaufort Case Study
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MCAS Beaufort Case Study
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" MCAS Beaufort Case Study

Start Hew Project

save Current Project

View Data & Results

Exit HAS

About HAS

Help Menu

Natural Attenuation Software (NAS)

Kings Bay Site

TTHHAS Main Menu

Facility Hame
Site Hame

Additional Description

Edit/Review Site
Data

=100

A afural Aftftersation Software

M5B Kings Bay

Olde Cander Landhll
Example &
Source Concenktration Contaminant Mass
Reduction / Time of Removal / Time of
Stabilization Remediation

RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation




MCAS Beaufort Case Study

NAS Simulation of KBA-13A
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MCAS Beaufort Case Study

NAS Simulation of USGS-9
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MCAS Beaufort Case Study

NAS Simulation of USGS-11
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Conclusions
m The TOR problem is difficult but not unsolvable

1

m |t is useful to divide the TOR problem into three interactive
components

» Distance of Stabilization (DOS)
= Time of Stabilization (TOS)
= Time of NAPL Dissolution (TNAD)

m The NAS tool uses this framework to facilitate TOR
estimates

m NAS predictions are in line with monitoring data
m NAS has been used to reach regulatory closure of sites
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NAS and SEAM-3D Software

m Acquiring NAS and SEAM-3D
s NAS can be downloaded from; http://www.cee.vt.edu/nas/

s SEAM-3D is part of Groundwater Modeling System (GMS)
maintained by DoD

m Two-Day In-Depth Training for NAS

s Southwest Division, July 22-23; Southern Division, August 5-6
= Sign up through Engineering Service Center (ESC)
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NAVFAC Points of Contact

m SOUTHDIV
a (843) 820-5561

m NFESC
= (805) 982-2669
= (805)982-1551

£
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